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line because only one source of data was available for the United States
and there is some question as to whether these data are typical.)

One of the most significant characteristics of raw shale oil is the
high nitrogen content.  The distribution of nitrogen and sulfur over the
boiling range is shown in Figure 26.  The nitrogen content of raw shale
oil increases as distillation progresses, as does that of petroleum
crude oil, but this is not true of the sulfur content.  The concentration
of sulfur in the raw shale oil reaches a peak at the 10 percent point
and then decreases as distillation continues.

Although the metal concentrations in raw shale oil are lower than
those in petroleum crude, there are a number of other trace elements that
present difficulties.  The most significant of these is arsenic, which,
along with nitrogen, is discussed in greater detail below.  In fixed bed
hydrotreating, the fine shale rock particles in the raw shale oil (known
as "fines" or "ash") present additional problems, plugging the catalyst
beds and increasing the pressure drops in the system; to deal with this
particular problem, de-ashing will be necessary, either as a separate
step or as part of the de-arseniting process.

The limited data available show that raw shale oils from all retort-
ing processes studied have similar chemical structures, which are sig-
nificantly different from those of petroleum crudes.  In general, the
shale oils are lower in paraffins, higher in olefins, and higher in aro-
matics and polar aromatics.

In raw shale oils, the lower boiling fractions tend to have higher
concentrations of paraffins and olefins and lower concentrations of aro-
matics than the higher boiling fractions (Figure 27). The naphthene
content tends to remain fairly constant across the boiling range.

The high percentage of polar aromatics in the higher boiling range
fractions indicates the presence of nitrogen, oxygen, and sulfur in the
ring structure of the higher molecular weight aromatics, and the data bear
this out. This characteristic increases the difficulty of denitrifying
shale oil to levels that are acceptable for processing into transport
fuels.

The significance of the nitrogen, arsenic, sulfur, and oxygen con-
tents in the refining of raw shale oil are discussed below.

Nitrogen

The predominant nitrogen compounds in raw shale oils are pyridines,
pyrroles, quinolines, and nitriles (Burger et al., 1975).  The basicity
of these and other nitrogen compounds found in raw shale oils has been
reported previously (Foulson etal., 1976).